Forty-five alcoholics were selected for study. They had a history of heavy alcohol drinking from 7 to 50 years with a mean of 25 years. The subjects with less than 10 years' history of heavy drinking were those under 35 years of age.
In our previous study,' approximately 40% of the alcoholics had abnormal auditory brainstem responses. The abnormalities were manifested by a prolongation in the interwave conduction of the auditory brainstem response. One unexpected finding was a high correlation between abnormal auditory brainstem responses and the presence of cerebral cortical and/or cerebellar atrophies in the computed tomographic (CT) scans. There was a 6-fold increase in the incidence of abnormal auditory brainstem responses when the latter conditions were present. This observation raised the possibility that abnormal auditory brainstem response might be related to the atrophic process in the brainstem.
In order to test this hypothesis, CT scans were obtained for quantitative measurements of the brainstem structures and correlated with auditory brainstem response findings. We report that the alcoholics with abnormal auditory brainstem responses had a significant increase in the size of brainstem cisterns indicating possible brainstem atrophy.
Methods
Forty-five alcoholics were selected for study. They had a history of heavy alcohol drinking from 7 to 50 years with a mean of 25 years. The subjects with less than 10 years' history of heavy drinking were those under 35 years of age.
Thirteen subjects (30%) had been abstinent from alcohol for 2 to 10 years. None of them had neurological disease other than those complicating alcoholism, nor had they had a history of significant head trauma, anoxia-ischaemia, heavy drug abuse, collagen vascular disease, or severe bilateral neurosensory or conductive hearing loss. All had both auditory brainstem responses and CT scans of the head. These tests were not conducted during the acute phases of alcohol-related neurological diseases, that is, acute alcohol intoxication and withdrawal, hepatic encephalopathy, Wernicke' s encephalopathy, etc.. In those cases, 6 weeks were allowed for recovery prior to the testing.
The techniques for recording auditory brainstem responses were previously described.' Electrodes were attached at the vertex (Cz) and mastoids, with the ipsilateral mastoid serving as the reference and the contralateral mastoid as the ground. Monaural 350 lar, quadrigeminal, ambiens, prepontine, and cerebellopontine angle cisterns. Atrophy of the cortex of the cerebellar hemispheres was considered present when hemispheric sulci were visible. Atrophy of the cerebellar vermis was considered present when two or more sulci were seen in midline sections. Cerebral hemispheric atrophy was considered present when cortical sulci were diffusely enlarged, which might be accompanied by ventricular enlargement.
Since it was not possible to determine directly the size of the brainstem by CT scans, a ratio measurement was used for quantitative analysis. Measurements by using the bony structures for reference, that is, the distance between the inner tables, were found to be not feasible because of considerable variations in the shape of the head and the bony structures. Furthermore, the small size of the brainstem and its cisterns relative to the bony structures would introduce rather large errors in ratio measurements. It was decided to measure directly the sizes of the cistern and the brainstem at three levels: midbrain, upper pons, and lower pons. Measurements of medulla oblongata and its cisterns were not made due to poor resolution of the CT scanner. The ratio was taken as the width of the brainstem divided by the width of the cistern measured across the midpoint of the brainstem at the designated levels ( fig 1) . Only the CT scans with adequate views of both cisterns and the brainstem structures were included in the study. To bellar atrophy was usually restricted to anterior selected areas were in general similar for the respecsuperior vermis and its neighboring areas. In tive age groups. approximately 50% of the cases, the atrophy was Table 3 summarises the results of ratio measureusually mild, but moderate to severe in the remain-ments in 45 alcoholics and 45 age-matched control der. The incidences of cerebral and cerebellar subjects. The mean age of controls subjects was 47-2 atrophies were twice higher for Group B than for years. When compared with the control group, Group A. However, there was an approximately alcoholics as a whole and the alcoholics with abnor-3-fold increase in the incidence of brainstem atro-mal auditory brainstem responses (Group B) had a phy in the subjects with abnormal auditory brain-highly significant decrease in the ratios (p < 0-005) stem responses, indicating that alcoholics in this at all three brainstem levels. However, statistical difgroup had more selective involvement of the brain-ferences in ratios were not found between control stem. It should be noted that when the correlation subjects and the alcoholics with normal auditory between auditory brainstem response and CT scan brainstem responses (Group A) again at all three finding was individually evaluated, subjects with brainstem levels. Thus, the significant increase in the brainstem atrophy might have normal auditory brainstem cisterns between the control and the brainstem responses, and vice-versa. There was also alcoholics as a whole was due mainly to the increase a progressive increase in the incidence of cerebral, from the alcoholics with abnormal auditory braincerebellar, and brainstem atrophies with increasing stem responses. age (table 2-A). The incidences of atrophy in three Table 3 Ratio measurements ofthe brainstem in the control subjects and the alcoholics* tThe numbers in the parentheses are those of the subjects. Group A subjects had normal ABRs, whereas Group B had abnormal ABRs.
tThe differences in ratios are statistically highly significant (p < 0-005) at all three brainstem levels between the control and the alcoholics as a whole (II). and between Groups A and B. The differences between the control and Group A were statistically not significant at all three brainstem levels.
group
Discussion
The auditory brainstem response results in this study are in general agreement with our previous report. ' The slightly higher incidence of abnormal auditory brainstem responses in this study as compared to the previous one (53% vs 41 %) was probably due to the fact that the alcoholics who required CT examination were heavier drinkers who usually had neurological consultation for alcohol-related neurological complications. Thus, the selection of the subjects was biased toward those with neurological complications of alcoholism and the findings may not apply to the alcoholics whose drinking affects only work, family, and social activities.
The incidence of cerebral hemisperhic atrophy in this study is comparable to those reported in most studies.8-'2 The reported incidences of cerebellar atrophy in alcoholics vary greatly, ranging from 29% to 92%.9 '°'3 In a large series necropsy study,'4 cerebellar atrophy was found in 26-8% of presumed alcoholics by history. The higher incidence of 49% in this study might be due partly to biased selection as gait disturbance was the presenting symptom in some of the subjects. It should be emphasised that although brain atrophy was independently assessed, visual evaluation was subjective and the incidences reported here were only approximate.
Although a number of reports have shown high incidence of cerebral and cerebellar atrophies in alcoholics,8 -'3 there was only one report on brainstem atrophy. Koller et al.'5 studied 21 chronic alcoholics with CT evidence of cerebellar atrophy. They used the ratio of the width of pre-pontine cistern divided by the distance between the posterior clinoid and the fourth ventricle to indicate the relative size of the brainstem. When compared to the age-matched control, the alcoholics with cerebellar atrophy had a significant increase in the ratio, indicating brainstem atrophy. In our previous report,' and the report by Rosenhammer and Silfveskiold, '6 there was a high correlation between abnormal auditory brainstem responses and cerebellar atrophy. Thus 
